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• Assuming a thick metamaterial slab with a large number of layers (Dansas et al., JOSA A 1998) • Mode-Matching Technique: The quantities within the metamaterial are expanded in terms of the eigenfunctions of the Helmholtz equation (Momeni et al., JOSA B 2007 ).
• Effective Impedance Model: Based on the solution of the Helholtz equation an effective impedance is calculated from the power flow from the considered plane (Momeni et al., Opt. Lett. 2007 ).
• Flouquet analysis: The amplitude of the outgoing Flouquet waves are set equal to zero (Li et al., Physical Rev. B. 2003) .
The developed methods for the analysis of interaction with bulk metamaterials:
Laboratory for Electromagnetic Fields and Microwave Electronics (IFH) Domain reduction technique
Recall the famous problem of continued roots:
The same approach is followed to solve some other problems such as infinite ladder of resistors or continued fractions.
The idea is to use the same strategy for the equivalent impedance of a semiinfinite structure.
The structures looking along +z direction from both planes A and B are the same.
The fields inside the unit cell must be calculated in such a way that the impedances Z i on the two sides defined by are equal.
Infinite periodicity
Bloch Boundary Conditions Semi-infinite periodicity Impedance Boundary Conditions
Laboratory for Electromagnetic Fields and Microwave Electronics (IFH)
The transmission line model can be used to transfer the important impedances. An impedance should hold the following criterion:
The impedance seen along the +z direction should not vary after it is transformed from z=h 1 +h 2 to z=0.
The problem can be solved analytically.
Semi-infinite one dimensional photonic crystals Example 1: normal incidence of a plane wave to a semi-infinite multilayer pattern with the following characteristics:
Semi-infinite one dimensional photonic crystals Example 2: normal incidence of a plane wave to a semi-infinite multilayer pattern with the following characteristics:
Z 1 = 230.2 + 26.1jΩ Z 2 = −184.9 + 13.1jΩ R = 0.098
Semi-infinite one dimensional photonic crystals Example 3: normal incidence of a plane wave to a semi-infinite multilayer pattern with the following characteristics: In the two dimensional photonic crystals case, there exists no analytical solution for the tangential fields in the metamaterial region.
They are written as a sum of weighted basis functions:
The impedance is a square matrix defined by ÃẼ
Suppose using a well developed method, the fields at the top and bottom of a unit cell are related as the following:
Where
The impedance boundary condition implies that Semi-infinite two dimensional photonic crystals Example 2: normal incidence of a plane wave with wavelength λ 0 =a/3 to a semiinfinite 2D photonic crystal with the following characteristics:
1. Lossless case:
2. Lossy case:
